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Abstract 
Kinematic viscosity of single walled carbon nanotubes (SWCNTs)/ lube oil cuts nanofluids containing 0.01-0.2 wt% 
single walled carbon nanotube (SWCNTs) was investigated at 25ºC-100ºC.  The nanotube diameter was ~ 2nm and  
lengths ranging from 10 to 15μm. Kinematic viscosity of nanofluids increases with increasing particle weight fraction 
and decreasing temperature.   The viscosity index of oil-based SWCNT nanofluids is increased up to 32.94% at a 
weight fraction of 0.2%.  
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1. Introduction 
Nanofluids are solid-liquid mixtures consisting of solid nanoparticles or nanofibers with particle 
size<100nm in suspension in a continuous and saturated liquid [1]. Nanofluids have attracted much 
attention since their anomalously large enhancement in thermal properties [2] but there are only a few 
published articles on deriving the effective viscosity of nanofluids from experimental and theoretical 
point of views [3]. Masuda et al (1993) were likely the first to measure the viscosity of several water 
based nanofluids for temperatures ranging from room temperature to 67ºC [4]. Pak and Cho (1998) 
followed by viscosity data obtained for Al2O3-water nanofluids at  two particle concentrations [5]. Wang 
et al (1999) measured the viscosity of Al2O3-water nanofluid and showed that nanofluids have lower 
viscosity  when the particles are more dispersed and they also found an increase of ~30% in viscosity at  3 
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vol% Al2O3 compared  with  that of  water alone[6]. However ‚viscosity of the Al2O3-water nanofluids 
prepared by Pak and Cho Was three times higher than that of the water. As expected the viscosity of 
nanofluids depends on the method used to disperse and stabilize the nanoparticle suspension [5]. Using 
nanofluids consisting of the various nanoparticles has attracted much attention due to improving the 
surface properties, enhancing the engine efficiency, decreasing the disposal of fuel, decreasing the 
disposal of engine oil and decreasing the cost repairing [7]. From this nanoadditive can be pointed to 
antioxidant agent, corrosion inhibitors, extreme pressure agents, and dispersants, anti foaming agents, anti 
wear agent, detergents and the viscosity index improvers [8]. Among the various nanofluids, carbon 
nanotube suspensions have specific importance because of the considerable enhancement of the heat 
transfer performance compared to pure oil [2]. In direction of these efforts variations of the viscosity of 
SWCNT based nanofluids have been the subject of some resent researcher[9-12]. Recently, in a very 
extensive work Hobbie and Fry [9] studied the rheological properties of non-Brawnian carbon nanotube 
suspensions over a range of nanotube volume fractions spanning the transition from semidilute to 
concentrated. Also the rheological behavior of SWCNTs has been studied by investigators such as Yang 
[10], Kinloch [11] and Kim [12]. Regarding to these findings about the improvement of rheological 
behavior of various nanofluids, in this work the kinematic viscosity of various SWCNTs/oil nanofluids 
has been investigated over various concentration and temperature ranges. 
2.  Experimental 
2.1. Materials
Carbon nanotube and lube oil cut were used in this work. SWCNTs were purchased from Shenzhen 
Nanotech Port Ltd. Co (Shenzhen China) and used as received and six centistokes poly (α-olefin) oil 
(PAQ6) was obtained from Behran Oil Company (Iran). Hydrogen – stabilized olefin oligomers ¸poly (α-
olefin) ¸are one type of synthesized hydrocarbon fluids which are used widely as automotive and 
industrial lubrication. PAQ6 has no significant vapor pressure over the temperature range studied.   The 
average length and   diameter of SWCNTs were around 10-15µm and 2nm respectively as the 
specification reported by the company.  The specific surface area of SWCNTs was ≥300m²/gr as received. 
The purity of CNTs was>95% and the specific gravity of SWCNTs was 1.8¸ based on the report of the 
manufacturer. All the related analyses are given by the manufacturer. The TEM image provided by the 
manufacturer indicates well the structure of the SWCNTs. The SWCNT size can be calculated from a 
single diffraction peak using Scherrer’s formula. The size of SWCNT was 13.2 nm for the (0 0 2) peak 
and in good agreement with TEM results.  
2.2. Preparation of the nanotube dispersion                                                                
For the preparation of various nanofluids; the SWCNTs were dispersed in oil through sonication. The 
SWCNT powders were added to motor base oil fluids. Then, the SWCNTs were dispersed by magnetic 
force agitation. The suspension was then homogenized by the application of an intensive ultrasonic  
system (Hielsher Sound UIP4000). Rotational speed of the  rotor was  ~24000rpm‚ which could  provide 
a shear rate up to 40000s-1. No surfactant was used in   SWCNTs/oil    suspensions and   homogenization   
was employed   for a period of time ranging from 2hr (for 0.01 wt %) to 6hr (for 0.2wt %). Fig. 1 shows 
ESEM (Environmental Scanning Electron Microscopy)   image of the dispersed sample with 0.1wt% of 
SWCNT. It can be seen this from figure that SWCNTs have largely been disentangled. It was observed 
that the external energy helps the particles to overcome the attractive van der Waals forces. Therefore‚ no 
sediments were found after application of the external sonication field.      
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                                                                                  (3)
 
Maiga  (2002) introduced a semi empirical model that have been obtained by performing  a least-square 
curve fitting of the experimental  data available for the  mixtures. This model cab be read as [16]:   
                                       ( )21233.71 φφμμ ++= bfnf                                                               (4 ) 
Cheng-Law (2003) suggested the following expression for nanofluids consisting of spherical particles 
[17]:  
                                                    ( )...)5.2()5.2()5.2(1 32 ++++= φφφμμ bfnf                    (5)                   
The semi empirical Krieger-Dougherty model is given as [18]:    
                                                   
[ ]ηφ
φ
φμμ
m
m
bfnf
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⎟⎟⎠
⎞
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⎛ −= 1                                                                        (6)      
here mφ is the maximum volume fraction and [ ]η  is the intrinsic viscosity. [ ]η  can be obtained by 
different formulas such as Onsager equation [19] ‚ Kuhn and Kuhn equation [19] or Brenner-Condiff 
equation [20] by having aspect ratio. Considering the average diameter and length of SWCNTs‚ average 
aspect ratio in our study was 6250. None of these equations could give reasonable results for our case. 
The calculated values of [ ]η  using these three formulas were 2013 ‚ 2052 and 15.7‚ respectively. 
Therefore‚ based on the semi-empirical work of Shen et al [21] the value of [ ]η  was obtained as 
13.26.                               .                                                                                                
3.2. Experimental results                           
The viscosity of SWCNT/oil nanofluid against concentration under various temperatures was studied and 
the following relation has been derived using the experimental data for computing the kinematic viscosity 
at 25ºC:                                                                    
                                                 (7)                                
   
 Viscosity data for SWCNTs/oil suspension as a function of temperature at various   concentrations 
showed that the following   formula can be obtained using experimental data for computing the viscosity 
of SWCNTs nanofluids at 0.1wt%.  
                                                                                                                                                                                                 
10483.302.0 2 +−= TTnfμ                                                                                                             (8)  
Experimental data showed that the maximum enhancement of the viscosity index of nanofluids with 
reference to the pure lube oil is 32.94%.                                                                         
4. Conclusions                                                         
( )32 4.5036.1659.11 φφφμμ +−+= bfnf
( )25.65.21 φφμμ ++= bfnf
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 Stable homogeneous dispersion of carbon nanotube is a crucial issue for both scientific research and 
practical application. Particle aggregation  and  the formation of extended  structures of  linked  
nanoparticles may be  responsible for much  of  the disagreement  between experimental result and  
theoretical  models. In this work‚ we studied the effect of the temperature and the SWCNT concentration 
on the viscosity index of nanofluids. Therefore no surfactant was used‚ and at this suspension so stable 
suspension preparing is possible at concentration belong ≤ 0.2wt%. Experimental results showed that the 
kinematics viscosity of nanofluids increased with decreasing of the temperature and increasing the 
SWCNT concentration. For nanofluid containing 0. 2 wt% SWCNTs‚ the maximum enhancement of the 
Index viscosity reaches 32.94%. Investigation of the experimental results with considering   theoretical 
models shows  a  nonlinear relationship between viscosity  and SWCNTs concentration  and a strongly 
temperature - dependent viscosity . Among the theoretical models mentioned in this article Cheng-Law 
and Maiga models have better agreement with experimental results. 
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